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Various arrangements of the approaoh and runway lights are analysed 
using perspective diagrams, i.e. diagrams which show the exact geometrioal 
appoaranoe of the patterns seen by the pilot, and it 1B shown that in bad 
visibility the information given to the pilot by existing patterns is 
both insufficient «id •imbiguouB.    Attention is also- drawn to the scale 
effects whioh ore introduced into the runway lighting pattern when 
different spaoings ore used by different oountries, and it is pointed out 
that these effoota can only be avoided by international standardisation. 

As a result of this analysis, a new pattern 1B proposed for the 
approaoh lights nonsisting of "horizon bars" arranged transversely to 
the extended centre line   »f the runway.      It is shown that these can be 
made to indicate both height and range even vrtien only one bar la seen, 
and it is hoped that this '••ill enable the pilot to make a safe approaoh 
by visual moans even in poor visibility onoe he has picked up tho 
lights.      In the ouse of the runway lights, it is suggested that scale 
of-foot a could bo overcome by adding a standardised soale fixing pattern 
or "contact mat" at tho point of touch down. 
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Introduction 

1*1 Installations for the full scale trial of various patterns of 
approaoh and runway lights are expensive, and the time taken to obtain 
results nay run into several years.  It is therefore desirable that 
the fundamental requirements be clearly formulated, and that every new 
pattern be systematically analysed to see whether it meets these 
requirements, particularly under conditions of restricted visibility. 
Ihe writer has found that this analysis is facilitated to an extra- 
ordinary extent by the use of perspective diagrams, i.e. diagrams which 
reproduce the exact geometrical pattern which the pilot sees at any 
given stage of the approach or landing.  The object of this report 
is briefly to present the results of applying this method of analysis 
to the approach and landing aids, in the hope that these results will 
prove useful to those engaged on the urgent task of international 
standardisation. 

laS Preparations for the full scale tiial of the new pattern of 
approach lights proposed in this report are now in hand, und until 
these trials have been completed, the question of whether safe landings 
can in fact be made on this pattern will remain unsettled.  However, 
'even if this particular pattern proves to be unsatisfactory, it i3 
submitted that the method of attack on this problem will remain a 
fruitful one, and should be exploited by all workers In this field in 
the hope that a solution, if it exists, may be found as soon as possible. 

1*3 This report i? intended to be read in conjunction with R.A.E. 
Report Mo. EL. 1413, which explains in detail how perspective diagrams 
can readily be made.  However, for the convenience of readers who 
already have a knowledge of perspective, Fig. 1 from that report 
has been reproduced as pig.l of the present report.  This- diagram 
illustrates the terms which arc most commonly used in perspective, and 
is all that such readers will require in order to follow the discussion 
given below. 

2   General requirements for all approach, systems 

2.1 ' From his' win experiences and the discussions which he has had with 
others, the writer has come to the. conclusion that anyone learning to 
control a moving vehicle first unconsciously identifies himself with 
it, and thereafter thinks of it as an extension uf himself.  In other 
words, the would-be pilot of an aircraft has to "grow wings".  The 
process of learning then consists in acquiring a chain of conditioned 
reflexes linking the movements of the controls ./ith the movements of 
certain signifio;int parts of the outer world.  (in the case of an 
aircraft making an approach, these are the horizon and the runway.) 
When a pilot ha.3 to fly blind in fog, the outer world is'blotted out, 
and movements of the controls result in movements of pointers on dials, 
and a sustained and conscious effort is required from him in order to 
interpret them.  In these conditions it is impossible for the pilot 
to regard the aircraft as an extension of himself, and he i3 forced 
to take up the nental attitude of a controller located outside the 
aircraft, and to acquire a new chain of reflexes linked to these 
pointer movements.  When by intensive training he lias succeeded in 
doing thi3, flying on these pointer movements may be reasonably easy 
provided he refrains from looking out of the cookpit.  If, however, 
the pilot dees look out, and begins to receive impressions from the 
enter world, then ho is likely to revert to his normal mental 
identification of himself with the aircraft, and will have difficulty 
in going back to instruments. . The first requirement for the visual 
approach aids is therefore that they shall form a complete system in 
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i, so that the pilot ran fly en them without having to refer 
to his Instrument» any more then he would do in normal day flying« 

'The seeond requirement is that the indications received from the 
approach aide shall resemble those received in normal day flying so 
closely that the pilot can interpret them instantly and Instinctively. 
In other words, the pilot must not he asked to "do sums" in his head 
during the approach. 

3  Pattern seen by pilot during approach 

3.1 In view cf the second requirement stated above it is necessary to 
be clear as to the behaviour of the pattern which is significant for 
judging the approach, i.e. that formed by the runway and the horizon. 
Let us therefore consider an aircraft approaching the end.of a runway 
at an angle a as shown in Fig. 2, and make perspective projections of 
this pattern on a vertical picture plane arranged at right angles to 
the vertical plane through the longitudinal axis of the aircraft. 
Let us also Imagine that this aircraft 1B equipped with an optical 
Sighting.device similar to a reflector gunsight, which projects on the 
picture plane a vertical line which coincides with the direction of 
flight when the aircraft is flying an a straight path without bank. 
Then the pattern seen by the pilot when the aircraft is at point A 
on the centre line of the runway, and is heading oorreotly is shown 
in Fig. 3.  If the pilot now operates the' oontrols so that the aircraft 
makes a flat turn to the left, he will sec the runway move laterally 
to the right of the fixed sighting line as shown in Pig. 4.  In • 
addition, the apparent shape of the rum "ay will' change slightly in that 
the short sides of the rectangle when rx-uducetf far enough meet on the 
horison. 

3.2 Now Imagine that there are lines on the ground parallel to the 
runway and extending in front of the aircraft to infinity.  When the 
aircraft is at A, these lines would appear to the pilot to radiate from 
the point H where the fixed sighting line cuts the horison, as shown 
in Fig.5*  If the aircraft is flying on the correct compass course, 
but is laterally displaoed to point B on the line marked "5", then the 
pattern seen by the pilot will be as shown in Fig.6, that is, it will 
appear to vivo rotated round H.  In this case the apparent shape of 
the runway will have changed very considerably.  It should be noted, 
however, that the short edges,of the -rectangle still appear to be 
horizontal. 

3«3 Now if :-<:•  -.gain suppose the aircraft to be at A but to be banked 
• Instead of leveL, then the 5 lines shown in Fig.5, together with the 
horison, will appear to have rotated about the point where the axis 
of roll intersects the ground.  Since this point is close to K, it 
follows that if the horizon were missing, the pilot would have some 
difficulty in deciding from the ground indications whether the rotation 
was due to bank or to lateral error.  This is exactly what happens In 
bad visibility when straight lines arranged in this manner are used 
as approach aids* 

3.4 In addition to lining up on the runway, tile pilot has to adjust 
his height so that he will touch denn at the right point.  This is the 
most difficult judgment to mako, because the only indication the pilot 
has of his aiming point is that object:- hearer to him than point P 
where the approach path cuts the ground appear to him to move downwards 
underneath the fuselage, while objects 'urther away than P appear to 
move upwards towards the horizon.  Point P is, of course, fixed with 
respect to the horizon.  Of course as veil r.s judging the aiming 
point, the pattern formed by the runway and horizon must be one which 
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the pilot recognises to mean that he is at the right height to enable him 
to come In at hi.i proper speed.  When neither point i- nor the horizon 
is visible, the pilot has no visual means of judging his point of touch 
down, unless some special approach aid is provided. 

4  Low Intensity approaoh lighting systems 

4.1 If atmospheric conditions are such that lights on the ground can be 
seen from distances exceeding a mile or so, then any distant lights «ill 
serve' to give 'the pilot his horizon, and approaches oan be made on the 
runway lights alone, provided the runway cun be located.  In the case 
of aerodromes situated in built-up areas, finding the runway may be 
made difficult by extraneous lighting an the aerodrome itself and in 
the surrounding streets.  Even in clear weather this difficulty may be 
appreciable beoause modem runway lights are usually designed to 
concentrate the light up and down the runway.   These lights are dimmed 
in dear weather in order to obviate dazzle when landing, with the 
result that the Intensity in directions normal to the runway is reduced 
to a negligible value.  It has therefore been suggested that non- 
instrument runways should be fitted with "low intensity" approaoh lights 
covering a wide angle in azimuth, and having an intensity several limes 
greater than the highest intensities normally found in street lighting. 
As these lights mark the end of the runway to be used, they may be 
regarded partly an a navigational aid, and partly as an approaoh aid. 

4.2 If such lights are used, the best arrangement for them is along the 
extended centre line of the runway, since with this arrangement, the 
pilot knows he is in line with the rummy when the line of approaoh 
lights appears vertical, that is, when the perspective angle is zero. 
(See Fig.l for definition of "perspective angle".)  If the approaoh 
lights were arranged in a line parallel with,the runway, then the 
perspective angle irould continually increase as the height of the 
aircraft decreased, and as the pilot has no means of knowing what this 
angle should be, it follow that the lights would not provide accurate 
alignment.  Two lines of lights symmetrically disposed about the 
centre line form a satisfactory alignment indicator, but are no better 
for this purpose- than a single line up the middle.  It is true that 
the double line arrangement provides a height indication, but this by 
itself is of no value because what the pilot requires to know when 
making an approach is not his absoluto height, but his height in 
relation to the distance from the point of touch down.  This he gets 
very accurately from the angle of approach indicator. 

4.3 A typical low intensity system is shown in Figs. 7 to 12, which 
are perspective diagrams showing the views as seen by the pilot of an R 
aircraft approaching down the centre line at an approach angle of 2f. 
In this system, the lights are arranged in groups of three, in order 
to distinguish them from 3treet lights, to give some impression of 
rangej and to add to their effective intensity when seen from long 
distances.  The lights forming a group are mounted on the cror.-.-bar 
of a pole, 5 feet apart, the cross-bar being arranged' transversely to 
the centre line of the runway.  The projectors are parabolic troughs 
with sodium lamps as sources, the idea being to utilise the high 
efficiency of these sources as well as their distinctive colour. The 
projectors would give an intensity of about 8000 candles, which is 
about twice the highest intensity met with in street lighting.  By 
turning the two outer projectors 45° outboard, an angle of more than 
180° In azimuth could be covered. 

* These diagrams are all made for a perspective distance of 10", and 
to get a realistic impression from them, they should be held at this 
distance in front of one eye, the other eye being closed. 
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5 . Idmlt of usefulness of low Intensity systems 

5.1 The system described above will begin to be inadequate when the 
range cf the angle- of approach indicator is less than one mile, and 
will be of little use when the range has fallen to half a mile. 
However, this condition can be made to correspond with quite bad 
weather by using an indicator of high intensity, that is, one giving 
10,000 candles or more in the red and green sectors.  The range at. 
which such an indicator could be used will be half-a-ndle in a 
meteorological visibility of the order of 1000 yards in daytime, and 
of the order of 350 yards at night.  In conditions worse than this, 
a pattern must be used which gives to the pilot the information which 

. he previously obtained from the real horizon and thi; angle of approach 
indicator, and which obviates the ambiguity between lateral error and 
bank, which, as we have seen in paragraph 3.3  above, is associated 
with lines parallel with the runway. 

6 High intensity approach lighting systems 

6.1 A high intensity system may be defined as a system comprising 
lights of over 10,000 c-indle power, arranged in a pattern which enables 
the pilot to make an approach at night in meteorological visibilities 
worse than 500 yards, the aircraft being brought down to a height of 
'200 feet or so and fed into tho lighting system by radio.  As a rough 
guide, it can be taken that the meteorological visibility at which 
ranges of the order of 1000 feet are obtained from approach lights of 
between 10,000 and  100,000 candle power is about three times higher in 
daytime than at night.  This means tint if a high intensity system 
can be safely used at i»ight down to a meteorological visibility of 
200 yards, it will be useful in daytime down to a meteorological 
visibility of 600 yards.  It is, of course, impossible to guess what 
this lower limit will be for civil aircraft until these systems have 
been in use for some time. 

6.2 When visibility is-nuar the limit at which approach lights cease 
to be a useful aid, only a small amount of the whole pattern will be 
seen by the pilot when he first picks up the lights.  Pig.13 shows 
the part of'the field of view within which the pattern will became 
visible at various heights when the range of the lights is 1000 feet, 
and it will be noted that at 200 feet, the angular distance in the 
ahead direction is only 3".  The central problem is how to choose a 
pattern which, when only a small strip of it is seen over the coaming, 
will convey to the pilot all the information he requires in order to 
make those laat>-second adjustments to his height and heading which will 
ensure that he touches down on the runway. 

6.3 It would appear that the only way in which each strip of the 
pattern can be related to the touch down point is to derive the 
pattern from a vec, the apex of which is at this point.  Fig..l4 shows 
a vee pattern, and Pig.15 shows perspective views of it from three 
points at different hoightn.  Any approach path such as AP, together 
with the lines 7Q  and YQ may bo regarded as the edges of a tetrahedron, 
and the inverted vee lines shown in the perspective diagram may be 
regarded as it3 vertical cross-section.  As all vertical cross-sections 
are similar, it follows that the angle of the vee when seen in per- 
spective i3 constant for all points on any approach path passing through 
P. 

6.4 This property of the vee pattern is the basis of the "horizon bar" 
pattern shown in plan in Pig.l6 and in perspective in Fig.17.  This 
consists of a line of lights along the extended centre line of the 
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runway, with bars. of light's arranged at Intervals across it, the length 
Xt each bar being proportional to its distance from a certain selected 
point on the runway.  Ibis would normally be the point where the radio 
glide path' intersects the runway.  when an aircraft is making an 
approach down a path intersecting the runway at the selected point, 
then each bar, as it disappears underneath the coaming, will subtend 
the same angle at the pilots eye.  If succeeding bars appear to 
decrease In length, the aircraft is overshooting the selected point, 
and if they increase, the aircraft is undershooting.  The pilot's task, 
than, is to note the length of the first bar which he sees, and then to 
fly so as to keep the next bar about the same length.  It should be 
particularly noted that the pilot is not tied to an ideal approach 
path fixed in space. 

6.5 An important advantage of this pattern is that it resolves the 
confusion between lateral error and bank to which attention was drawn 
In paragraph 3.3 above.  This is due to the fact that the transverse 
lines only appear to rotate appreciably when tho aircraft banks.' 
However large the errors in position, the bars always remain horizontal. 
The distinction is made clear in the diagrams shov.n in Figs. 18 and 19. 

6.6 Since the height indication is by a change in apparent length of 
the bars, and since this is proportional to the change in the perspective 
angle of the vee, the sensitivity of the indication will be mnrlimm when 
the rate of change of the perspective angle is maximum.  It can easily 
be shown, (see para. 7 below), that the rate of change of the perspective 
angle is maximim when the approach is made at an angle equal to half the 
actual angle of the vee.  Since the radio approach angle is about Z~P, 
it follows that 5° is a suitable angle for the vee. * 

6.7 Now if the bar consisted of lights spaced, say, 3 feet apart, then 
the power consumption would be large, and wayleaves would cause 
difficulty.  If, hot/ever, the bar is made up of groups of lights as 
shown in Pig. 20., not only is power 3aved, but an indication of range 
can be given.  This is achieved by dividing the bar into four.equal 
parts, two of which' are AC and CD.  If tho bar is then imagined to 
represent the approach path, and if A is taken to represent the begin- 
ning of the approach, and C tho beginning of the runway, then the 
length of.the string of lights AB can be taken to represent the length 
of the approach path which has been traversod.  Alternatively if some 
standard length of approach path is agreod upon internationally as being 
represented by AC, then the first bar of a system which '..'as half the 
standard length oould be made as shown in Fig.20. 

6.8 As this pattern is very distinctive, colour is not necessary in 
order to differentiate it from street lights and other disturbing 
patterns.  It is proposed, however, that the lights along the centre 
line* should be yollcv, so as to conform with the low intensity pattern 
described under paragraph 4 above.  The low intensity pattern can 
then be converted into a high intensity pattern by merely adding the 
bars, and possibly changing the fittings. 

' 7   Runway Sighting 

7.1 If the pilot has been able to use the approach aids successfully, 
the aircraft should arrive over the end of the runway at a height such 
that the pilot's head is about 50 feet above the ground.  After the 
end of the runway has been crossed, tho pilot has no further need to 
relate his height to any particular point of touch down, and a pattern 
which merely indicates height and direction, and perhaps horizon, is 
sufficient.  A pair of parallel lines will, of course, indicate height 
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and direction by means of the change In the perspective angle 6 •' 
Piga.21 and 22 show hew the accuracy of this indication varies with 
height "h" for various spaolngs "2w" between the' lines.      These curves 
are obtained as follows:- 

and 

• •  • 

46 
dw 

do 
an 

tan-lwA 

h 
w2+ h2 

4   giving the family of curves shown on Pig.21, 

»2 + h2 
, giving the family of curves shown on Fig.22. 

7.2 - Some valuable results can be obtained from an inspection of these 
foxmulae and the curves, and among these attention is drawn to the 
following:- 

(a) When h is large compared with w, lateral error is indicated with 
an accuracy proportional to 1/h, and height with an accuracy proportional 
to »As 

(b) When h is smell compared with w, lateral- error is indicated with 
an accuracy propo» 'anal to n/w^, and height with an accuracy proportional 
to Vw.  (This 1B the case which is important for taxying.) 

(o) If the most accurate indication of height is required at a particu- 
lar height "h", then the spacing should be 2h. 

(d) The height at which a pair of lines spaced at 2w gives the most 
accurate indication of lateral error is equal to w. 

7.3 V  these results, perhaps (h) is the most important because it 
shows that the difficulty of Judging direction from the runway lights 
when touching down varies directly as the square of the distance between 
the rows, and inversely as the height of the pilot's head.  The pilot 
of a small aircraft landing on a wide runway •..ill therefore receive 
very poor indications of direction from the runway lights, and as in 
poor visibility all other indications are blotted -out, there will be a 
considerable danger of- swinging off the runway.  The reason why this 
is not generally realised is that in clear weather one gets about the 
world by choosing a succession of aiming points, not by following -lines. 
In poor visibility, however, these aiming points are blotted out, near 
objects become important, and one is reduced to "kerb crawling". 

8   Scale effects in runway lighting 

8.1 Now a pilot is only able to Judge his height from a pair of 
parallel lines provided he is familiar with the scale of the pattern. 
To take two actual cases, if in country A, the distance between the 
rows is 200 feet, and the distance between lights 100 feet, and if in 
country B, the corresponding distances are 150 feet and 75 feet, then 
the runway in country B is a Bcale model of that in country A, the 
soale being 1 to 0.75.  The runway pattern in country A, seen from 
any height "h" will therefore be identical with the pattern seen In 
country B from a height of 0.75h.  It follows that unless the pilot 
can remember which pattern he is landing en, his Judgment of height will 
be in error by 0.25 h. 

- 7- 
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8*2 There would seem to be only two ways of meeting this difficulty. 
One ia to standardise a particular pattern internationally, and call 
on each country to adopt it on international airports.  The other is to 
call on each country to add a ucale-fixLng pattern to the existing 
pattern, this pattern to extend for an agreed distance on either side 
of the seleoted touch down point.  This pattern could take the form 
of transverse bars, or longitudinal lines, but whatever pattern is 
chosen, it oust be completely specified.  This arrangement may,- for 
convenience, be called a "contact mat".  The v.-riter is of the opinion 
that longitudinal lines are preferable because of the increased accuracy 
of the indications obtained at low heights.  Fig.23 shows the principle 
of the contact mat applied to an existing British runway, and Fig.24 is 
a perspective diagram of this mat as seen from a point 25 feet vertically 
ever the oentre line. ' - 

8.3 The writer is well aware of the fact that the installation of a 
contact mat necessitates the use of flush type lights,'and that this 
type of light cannot be designed to give as high an intensity as the 
elevated type.  An examination of Fig.24 shows, however, that when 
the distance between rows is large compared with the height of the 
observer, then the range of the lights must increase in proportion 
to the distance between rows in order to givo equally good indications. 
In bad visibility the range of a light soon ceases to increase 
appreciably with increase in intensity, from which it follows that 
edge type lights will fail to give satisfactory indications when the 
width of the runway exceeds a certain value.  This value the writer 
believes to be about 150 feet, which is the standard width used through- 
out this country.  The intensities which have already been obtained 
from flush type lights, i.e. up to about 5000 candles, are sufficient 
for the purpose of the contact mat. 

9   Concluding remarkB 

9.1 It is again emphasised that this report is merely an interim 
report on an unfinished piece of work, and that it has only been 
released at this stage firstly because it may stimulate discussion, 
and secondly because it points the way to further experiments which, 
it is hoped, wxll provide a solution to this problem, the urgency 
of which has been demonstrated by the accidents which have marred the 
history of international civil aviation during tho current winter. 
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